The transcriptional regulatory network that controls the determination and differentiation of skeletal muscle cells in the embryo has at its core the four Myogenic Regulatory Factors (MRFs), Myf5, MyoD, Mrf4 and Myogenin. These bHLH transcription factors act by binding, as obligate heterodimers with the ubiquitously expressed E proteins, to the E-box sequence CANNTG. While all skeletal muscle cells have the same underlying function their progenitors arise at many sites in the embryo and it has become apparent that the upstream activators of the cascade differ in these various populations so that it can be switched on by a variety of inductive signals, some of which act by initiating transcription, some by maintaining it.
Introduction
The formation of skeletal muscle provides one of the best models for studying the processes of cellular specification and differentiation and of organogenesis. Our extensive knowledge of this system was greatly facilitated by the early development of the C2 cell line (1) , which differentiates to form contractile myotubes in vitro, and by the discovery of a key transcription factor, MyoD, on the basis of its ability to induce the myogenic programme when introduced into non-muscle cells (2) . Three related proteins, Myf5 (3), Myogenin (4, 5) and Mrf4 (also known as Myf6 or herculin:
6-8) were discovered shortly after. All four belong to the basic helix-loop-helix super family of proteins that bind to the E-box sequence, CANNTG, and all induce myogenic conversion when transfected into fibroblasts. These Myogenic Regulatory Factors (MRFs) form the core of the transcriptional cascade that leads to the skeletal muscle phenotype and therefore key questions in the field have been how these genes are turned on at the onset of myogenesis in the embryo and how do the encoded proteins function to trigger the terminal differentiation programme and subsequent organogenesis.
All skeletal muscle cells have the ability to produce a contractile force that changes the length and shape of the cell and can thus generate motion. While this general property is shared by all of the skeletal muscles of our body, the origins of these muscles during embryogenesis vary widely ( Figure 1 ). In this review we will consider our current knowledge of the regulation and function of the MRFs including the distinct genetic networks that control myogenesis at various locations in the embryo.
Origins of skeletal muscle
The origins of the various skeletal muscle groups were initially studied by grafting experiments in avian embryos although more recently genetic approaches in the mouse have been used. The muscles of the trunk include those that move the vertebral column, the muscles that form the thoracic and abdominal body walls, and those that cover the pelvic area. Trunk muscles derive from somites, which are transient paraxial mesodermal structures that form pairwise by the sequential segmentation of the presomitic mesoderm. The dorsal-most layer of the somite, the dermomyotome (DM), is the source of both myogenic and dermal progenitors of the trunk. During development the myotome, the first muscle in the embryo, forms below the DM by cell delamination from the dorso-medial lip to produce a post-mitotic, differentiated muscle layer termed the epaxial myotome (9, 10) . Shortly after, myoblasts from the ventro-lateral lip (VLL) also begin migrating, contributing to the hypaxial myotome followed by delamination of cells from the lateral (rostral and caudal) lips of the DM (11) (12) (13) . Like the cells of the hypaxial trunk muscles, limb muscle precursor cells originate from the VLL of the DM at the level of the developing limb (14, 15) . They delaminate and migrate into the limb bud where they re-associate and form primary myofibres.
The skeletal muscles of the head are responsible for the motion of the jaw, face, eyes and ears and are therefore critical for activities such as feeding, sensing and vocalisation. According to their function, muscles of the head and neck can be divided into four groups: branchiomeric, laryngoglossal, extraocular and axial.
The branchial arches (BAs) contribute to the development of craniofacial muscles and produce the majority of the muscles of mastication and facial expression. The branchiomeric mesenchyme, the core of the BAs, is form by cranial paraxial mesoderm and neural crest (NC) cells that migrate around 9.5dpc (16, 17) . It is from the central cell population in the core that skeletal muscle arises. Recent work by Grenier et al. (18) suggests that some mixing of the NC-derived and mesodermal populations takes place, with NC cells within the mesodermal core being essential for the formation of the tendons and other connective elements of the head. It has recently been shown that splanchnic mesodermal precursors contribute to some lower jaw muscles (19) , while extensive clonal analysis reveals common progenitors contributing to both extraocular and branchiomeric muscles (20) . After migration into the BA core, myogenic progenitor cells leave the arches and move to their final positions within the head mesenchyme where they differentiate into functional muscle blocks.
The extraocular muscles (EOMs) surround the eyeball and are responsible for the fine-tuned movements of the eyes. During development, the EOMs are formed by migratory cells from the first branchial arch (20) and cells from the cranial mesoderm located in the periocular region, the prechordal mesoderm (21, 22) . The glossal muscles combine muscles of the tongue and the muscles anchoring the tongue to the jaw. These muscles are derived from the four anterior-most somites, the occipital somites, with migratory populations delaminating from the VLL and migrating in a manner similar to those of the limb, although not as individual cells but as a coherent group of migrating cells.
In the transition zone between the head and the trunk are the axial neck muscles. Due to their location it has not been clear if the origin of this group of muscles was cranial or trunk mesoderm but recent data confirm that they are formed from myoblasts of the occipital lateral plate mesoderm (23) .
Gene Regulatory Networks involved in skeletal muscle development
The process of cell differentiation depends on the activity of a specific set of regulatory genes, that is, genes encoding transcription factors and signalling molecules. The recognition and binding of transcription factors to specific DNA target sequences is one of the central foundations of Gene Regulatory Networks (GRNs) (24) . The idea of understanding and predicting the complex control systems underlying animal development has become a new field in biology and computational research. These GRNs can be defined as genomic regulatory codes, which function to determine the sets of genes that must be expressed in specific spatial and Expression of the MRF proteins during development is under strict temporal and spatial control. Myf5 is expressed before the adoption of the myogenic fate and, based on the information derived from Myf5 null mice, is considered a determination factor. Likewise, MyoD expression in a Myf5−/− background drives cells to the myogenic lineage, albeit with a delay in some populations (25) . Mrf4 and MyoG expression is later and they were traditionally classed as genes involved in the process of differentiation. However, we now know that Mrf4 is expressed at the same time as, if not before, Myf5 in the somitic bud and that in the absence of Myf5 and MyoD, Mrf4 is able to induce myogenesis, indicating that Mrf4 should be reclassified as having both differentiation and determination activity (26, 27 (27) shows that in the case of the EOMs, either Islet-1 (ISL1) is a marker of the splanchnic mesoderm and tracing studies using ISL1-cre label branchiomeric muscles to varying extents (46). Recent work introduced Lhx2 as a new player in the GRN during branchiomeric muscle development (47). The knockout of this gene results in pharyngeal muscle specification defects and epistatic relationships between Tbx1, Lhx2, and Myf5 were described, affecting early pharyngeal muscle specification and patterning.
Furthermore, retrospective clonal analyses also show the presence of common progenitors to heart and facial muscles, indicating that these progenitors have the ability to contribute to two different muscle phenotypes. While the activation of Lhx2 is probably linked to the skeletal muscle phenotype, it is still not clear if the "default" phenotype is cardiac muscle or if additional inputs are required for its specification, nor if the fate of those progenitors that have failed to become skeletal muscle can adopt other, non-muscle, fates or contribute exclusively to the cardiac musculature.
An investigation into the putative fate changes of these dual progenitors in the different KO strains (Lhx2, Isl-1, Pitx2, etc) should shed new light on these questions.
Finally, and as previously mentioned, the deployment of the myogenic cascade varies according to the embryonic origin and the final location of a particular muscle. The GRNs, responsible for the activation of this cascade, are under the control of multiple signalling inputs. It is curious that, for example, head and trunk myogenic programs also exhibit different outcomes in response to individual signalling molecules and thus, whereas trunk myogenesis is promoted by the action of WNT and inhibited by BMPs, antagonists to WNT promote cranial myogenesis (48).
Mechanisms of transcriptional regulation in muscle development
It is now possible to ask questions about transcription factor binding, histone modifications and transcriptional outputs on a genome wide scale and a number of recent studies have applied these new technologies to the skeletal muscle paradigm. In all of this it should be remembered that C2 cells were derived from the thigh muscles of a mouse that had suffered a crush injury, and they are therefore generally thought to be related to satellite cells. It will be important in the long run to acquire data of this sort from the muscle progenitor cells of the embryo at the time when fate decisions are being made but we do not under-estimate the technical challenges posed by this desire.
More recently improvements in bioinformatics, especially the use of comparative genomics, have provided high-resolution conservation maps. These analyses allow the identification of cis-regulatory elements within particular loci able to drive specific gene expression. One of the best examples is the Myf5/Mrf4 locus. 
Concluding remarks
Only about 1.5% of mammalian genomes is comprised of protein-coding genes with huge intergenic 'deserts' occupying the majority of the remaining material (78) (79) (80) . However, it has become clear that much of this non-protein-coding DNA is transcribed into a variety of classes of RNA, both large and small (81, 82) gives rise to most of the body musculature through the differential contribution of the somitic derivatives; ventral somitic compartments give rise to body wall, limb, tongue and pharyngeal muscles, the later three involve a process of cell delamination and cell migration, while dorsal somitic compartments are thought to give rise to deep back muscles; the lateral plate mesoderm (LPM) contributes to some mastication muscles following migration through the pharyngeal arches, and to the neck musculature; the posterior head mesoderm (PHM) generates progenitors that also migrate into the pharyngeal arches: those migrating through the second arch give rise to the muscles of facial expression while those contributing to the first arch will give rise to muscles of mastication and with some contribution to the extraocular muscles; finally, the anterior head mesoderm (not shown) contributes progenitors that migrate directly to the future eye area and give rise to extraocular muscles. 
